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anti-HTV drugs to lymphnodes and lymphoid cells - 
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As provided by the University's Patent and Invention policy, Vol 4, Part 5, Section 7 
of tli e University Handbook, the University requests title to the above referenced 
invention disclosed by you to the Office of Technology Transfer. Transfer of title 
you to the University serves as the basis for the University to commit its 
towards further evaluation of the invention so that the technology may be 
transferred. As an inventor, you will share in any net income which 
migljit accrue from licensing this technology. 
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I have enclosed an Assignment form Please execute it before a notary public and 
return it to me at the Office of Technology Transfer. (A notary public is also 
available at OTT). If you have any questions or concerns please feel free to call me at 
(206j 543-3970. 
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As pi ovided by the University's Patent and Invention policy, Vol 4, Part 5, Section 7 
of the University Handbook, the University requests title to the above referenced 
invention disclosed by you to the Office of Technology Transfer. Transfer of title 
from I you to the University serves as the basis for the University to commit its 
resources towards further evaluation of the invention so that the technology may be 
successfully transferred. As an inventor, you will share in any net income which 
migh t accrue from licensing this technology. 

I have enclosed an Assignment form. Please execute it before a notary public and 
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Co-Inventor's ASSIGNMENT of INVENTION(S) to the 
University of Washington 

whereas L Rodney J Y Ho (hereinafter referred to as ASSIGNOR) having a 
post o^^ss^sTzasthAvenue SS Seat*. WA ^155, am a c^nvenwr to 
m^INVENTION(S) referred to as "A novel strategy to mrget ajti-^Jlrujs _to 
w.«ihn^L and lvmohoid cells" as described in a disclosure submitted to me 
l &fi^owJE^oA*23. 2000 and assigned ««"«£25^ 
Transfer (OTT) ffle Number of 3342 and whereas this Assignment is intended tocover 
SeD^NTION(S) identified in thai disdosure as developed by us at jJeUhlverriiy of 
Washington, as a product of our research at the University of Washington, 

WHEREAS, me UNIVERSITY OF WASHINGTON, (hereinafter referred to as 
ASSIGNEE), a public institution of higher education having a place of business at 
Seatde: Washtogton is desirous of acquiring the ASSIGNORS' entire right, title and 
i nte rest in and to the INVENTION(S) and in and to any letters patent that may be 
granted therefor in the United States and in any and all foreign countries; 

NOW THBREFOP*, for su ^cten* , good and valuable consideration, the receipt of 
which is hereby acknowledged, ASSIGNOR hereby sells, assigns and transfers unto 
ASSIGNEE the ASSIGNOR'S entire right and title to and interest in said application and 
said INVENTIONS) for the United States of America and its territorial possessions and 
all foreign countries, and the ASSIGNOR'S entire right, title and Interest in and to 
any and all letters patents which may be granted therefor in the United States of 
America and its territorial possessions and in any and all foreign countries, and in 
any and all divisions, reissues and continuations thereof, inclu d i n g the right to claim 
priority rights deriving from said United States application by virtue of the 
International Convention, said INVENTION(S) and all ap plications and patents on said 
invention (S) to be held and enjoyed by ASSIGNEE as entirely as the same would have 
been held and enjoyed by ASSIGNORS had this sale, assignment and transfer not been 
made. ASSIGNOR hereby authorizes and requests the Commissioner of Patents and 
Tr ademar ks to issue all letters patents) on said INVENTIONS) to ASSIGNEE. ASSIGNOR 
hereby further agrees and promises to execute all instruments and render all such 
assistance as ASSIGNEE may request in order to make and prosecute any and all 
applications on said INVENTION(S), to enforce any and all patents on said 
INVENTION(S), and to confirm in ASSIGNEE legal title to said INVENTIONS) and all 
applications and patents on said lNVENTION(S)f^wjshoj^harge to ASSIGNEE but at 
no expense to ASSIGNOR. ^ 
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rides of the form. Attichaddltional documents as needed. 



Project Number (Include if you've been Assigned an OTT Project Number) 

1. invention History. Where a asm is not well ^^t^^S^^ 
using a phrase such as "on or about" or give a span of tone In which ti» event took place, 
on campus, us© "UW"; for others, provide the name of city and state. 
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For locations 



Initial Idea (conception) 


3/1999 


H272H 


Km verbal description (public or private) to others 


6/1999 


H272E 


Invention development records, notes, drawings (evidence 


7/1999 


B264 


Ret description of complete invention, oral or written (first 
constructive reduction to practice) 


8/1999 


B264 


Any sale or public use of the invention in the United States 
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WmJS^^S^^^Uc Smaaas (geoaiDy) me of d» invewioo by the fanroor in public, or 

i CV and External 

inventor has authored or co-authored), list and provide copies of any funded or unfunded grout 
proposals related to the invention, and state the funding status for etch. 
HL56548 

i. tabUcations. List any reports, abstracts, papen. or theses rekted to the lnv^^ 
published or are in preparation. Include two complete copies of the first ptifclication 
invention, and provide date of publication or intended publication. 

Sao tho attached proposal submitted In confidence to HIH for funding 

4. References. List any references, issued patents, patent applications, review articles, or 5G- 
publications that pcatain to rhemventi^ Irxhide (»pies if availflble. 

5. Key Words (for on-line patent and literature searches). ' \ ~~ 

anti-HIV drag/ lymph node targeting/ lipid drug Interactions / 

Please notify OTT if you become aware of any additional publications, patents, or Other 
references pertaining to the invention. . 
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A novel strategy to enhance antt-HIV drag accamiilation to lymphoid 

tissues and cells 

I. Specific Aims 

The long-tenn goal of this program is to *^*~»^^^^ 
reservoirs While the additional reservoirs outside of lymphatic are remained elusive, it 
is dear that a significant fraction of latent virus is found in visceral (e.g., mesentery) 
lymph nodes, in addition to peripheral nodes that can be readily accessed by biopsy 
procedures in humans. The use of HCV or SIV infected primate will provide a mean to 
systematically evaluate drug and virus concentrations simultaneously at both peripheral 
and visceral (i.e., mesentery) nodes m m 

to virus load. The use of lipid associated drug complexes to achieve higher concentration 

concentration would further reduce the virus load in the latent reservoir. 

Hence, with SW or HTV-2- infected macaques and indinavir as a model anti-HTV drug, 

the specific aims of this proposal are designed to test the following hypotheses 

Hypothesis 1: Drug concentrations in lyniph nodes can be enhance 

model drug, indinavir in lipid-associaied form, in comparison to free drug formulation. 

Hypothesis 2 : Enhanced drug accumulation in lymph nodes further reduces the seemingly 
constant virus load in lymphoid tissues achieved with free drug administration. 



n. Background 

HTV infection continues to be a major health problem in the United States. A number of 
anti-HTV drug combinations (often referred to as HAART. highly active anti-retreviral 
therapy) that attack the virus by mechanisms including inhibition of reverse transcriptases 
(selective for either nucleoside or no-nucleoside), and viral proteases have maximally 
decreased the virus concentration in blood of HTV infected patients on chronic therapy. 
However, a significant proportion of virus in the HTV infected individuals are found in 
lymphoid tissues and the HTV concentration in blood do not predict the virus 
concentration in lymphoid tissues. Data from recent reports (Hockett et at, 1999 i exp 
med 189, 1545; Pantaleo et al.,1993 Nature 362:255; Pamalco et aL, 1991 Pro Nad Acad 
Sci USA 88:9838) demonstrated that viral RNA concentrations in lymph nodes remained 
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relatively constant over the course of HAART in HIV infected patients, despite the low 
or undetectable levels of HTV in blood or plasma. These data suggest that either the . 
virus found the lymph nodes are resistant to the drug therapy or insufficient exposure of 
drug to this tissue. However viruses isolated from lymphoid tissues and plasma are 
equally sensitive to anti-HTV drugs, suggesting the possibility that insufficient drug 
exposure to lymphoid tissue and cell may be the key to elirninate residual viruses. 
Therefore, if one can devise a strategy to improve delivery of drugs to lymph nodes ai 
higher concentrations for longer duration, it is likely thai virus concentration m lymph 

node can be greatly reduced. 

We have taken a novel approach to a drug carrier design that will likely increase 
delivery of anti-HTV drug to lymph nodes at higher concentrations for a prolonged 
period. Lipid-drug particles of 50-80 nm in diameter that arc stable in biologic fluid may 
enhance drug localization in <»m and tissues of lvmph nodes. While dendritic cells axe 
less efficient than macrophages in particle uptake, both of these cells, considered to be 
sanctuary of HTV, can uptake the small lipidic particles more efficiently than fluid 
uptake or pmocytosis. lipid vesicles or liposomes, with spherical shaped enclosed lipid 
bilayers with a 50 nm to several micro meters in diameters size have been used 
successfully to enhance delivery of highly potent anti-fugal and anti-tumor drugs. When 
small tiposomes of about 50-80 nm are given by either IM or SC route or directly injected 
into the lymphatics, the small liposomes are distributed first into lymphatic, and 
subsequently, a significant of them are trapped at the draining lymph nodes (Km and 
Han 1995* J Miaoencap 12:437; Hirnle 1997 Hybridoma 16:127). If one can either 
encapsulate w mcorpoTate an anti-HTV ^ 

efficiency and stability, the lipid associated drugs can be delivered to lymph nodes with 
great efficiency in vivo. This will overcome insufficient anti-HTV drug exposute in 
lymph nodes in clearing the virus dwell in lymph nodes. 

In search of the model drug to be tested, we found that anti-HTV drug mdinavir 
would be an ideal drug for incorporating it into lipid bUayer of liposomes at neutral pH 
(pH=7) for targeting it to lymph nodes. Indinavir exhibit a low aqueous solubility (but 
high lipid solubility) at pH 7, and a high aqueous solubility at pH 3.0. (The currently 
available oral indinavir dosage form is formulated with citrate buffer to achieve pH value 
around 3 to enhance solubility of indinavir for gut absroption). Membrane assoc i ated 
drug will provide the stability of the hpid-drug complex in biological milieu before 
accumulating in the lymph nodes. As a result, the liposomes loaded with drug molecules 
can be either taken up by the lymphoid cells and/or provide sustained presence of drug as 
liposome are gradually metabolized by the lipases found at cell surfaces within lymphoid 
tissues. This approach may (1) provide much higher concentration of drugs in lymph 
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nodes that cannot be achieved with free drug administration, and (2) increase 
intracellular concentration of drug in cells of lymph nodes and systemic calculation fox 
the HIV infected cells that uptake 50-80nm particles. As a result, this strategy may likely 
to further reduce HTV replication in lymphoid tissues. 

HI. Preliminary Studies 

" tyectofpHontheabUityofinduus&to ■ 
Using indinavir with about 1000 fold decrease in aqueous solubility dtfterences 
* betweenpH3andpH7(LmetaL199^ 

determined the effect of pH on the ability of liposomes to encapsulate or ^corporate the 

Effect of nH on indinavir association to liposomes •• _ ' ■ 

Figure 1: Effects of pH on incorporation of 
indinavir to liposomes. With lipids comaining 
phosphatidyl choline (egg): cholesterol (3:ljnto) 
and lipid to indinavir 5:1 (m/m). small nnDamcUar 
liposomes were prepared *im buffer at indicated 
pH value. They were sonicated to achieve 50-80 

diameter. Subsequently, the % Upid- I 
association wudetennmed by separating free 
from lipid-auodated drug by tize-cxcluiion 
column chromatography. Data exp res se d were 
mean of duplicates preparations for indicatrd pH 
value. 

drug. At Upid-to-drug ratio of 5:1 (m/m). practically all (80-90%) the drugs in the 
preparation were found to be associated with liposome at pH-7 (Figure 1). At lower pH 
value (i.e., 3) where aqueous solubility of drug is higher, we found much lower degree 
(<30%) of drug incorporated into liposomes. Since the physiological pH value is 7.4 and 
biological fluids are highly buffered, these hpid-asscciated drugs are expected to remain 
stable. Hence, we use the Upid-mdinavir complex formed and maint a ine d at pH 7 for the 
subsequent pharmacokinetic study. 
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